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,QWURGXFWLRQ
)XQJDO VWUDLQV IURP Trichoderma  Hypocrea JHQXV KDYH EHHQ XVHG IRU YDULRXV DJULFXOWXUDO  KRUWLFXOWXUDO
DSSOLFDWLRQV6XFK VWUDLQVZLWK in vitro DQWDJRQLVW FKDUDFWHULVWLFV WRZDUGV SODQW SDWKRJHQV VKRZQ DOVRYHU\JRRG
ELRFRQWUROHIILFDF\RQILHOGWULDOV6HVDQ et al.(ODG/HZLVDQG/XPVGHQ%HQLWH] et al.
7KLVDELOLW\WRGHWHFWDQGGHVWUR\RWKHUIXQJLHVSHFLDOO\WKHSK\WRSDWKRJHQLFRQHVZDVFRQVLGHUHGDPDMRUWUDLWIRU
TrichodermaHypocreaVWUDLQVXVHGDVDJULFXOWXUDOLQSXWV9HUPD et al.
+RZHYHUHIIHFWVRIEHQHILFLDOTrichodermaVWUDLQVRQSODQWVDUHQRWUHODWHGRQO\WRELRFRQWUROWKURXJKDQWDJRQLVP
DJDLQVWSODQWSDWKRJHQVTrichodermaZDVFRQVLGHUHGWREHDQRSSRUWXQLVWLFDYLUXOHQWSODQWV\PELRQWZKLFKDFWLYDWH
SODQW GHIHQFHPHFKDQLVPV +DUPDQ et al. (OLFLWDWLRQRI SODQW GHIHQFH LQYROYHV ERWK VDOLF\OLF DFLG 6$ DQG
MDVPRQLFDFLG -$SDWKZD\V 1DZURFNDDQG0DOROHSV]D ,QGXFWLRQRISODQWGHIHQFHZDVGHPRQVWUDWHG WREH
GRQHXQGHU WKH LQIOXHQFHRI YDULRXV FRPSRXQGV LQFOXGLQJ WKRVH UHODWHG WRPLFURRUJDQLVPVSUHVHQFH OLNH0$03V
PLFURELDODVVRFLDWHGPROHFXODU SDWWHUQV RU '$03V GDPDJHDVVRFLDWHGPROHFXODU SDWWHUQV +HUPRVD et al. 
SURWHLQHOLFLWRUVOLNH6PVPDOOSURWHLQVHFUHWHGE\T. virens'MRQRYLF et al.RUK\GURSKRELQVIURPFHUDWR
SODWDQLQFDWHJRU\(SO*RPHV et al.DQGRUSHSWDLEROVWULFKRNRQLQV/L et al.
Trichoderma VWUDLQV KDYHEHHQSURYHG WR DFW DOVR OLNH D ELRIHUWLOLVHU .DHZFKDL et al.  SURPRWLQJSODQW
JURZWK E\ SKRVSKDWH DQG PLFURQXWULHQW VROXELOL]DWLRQ $OWRPDUH et al.  6HFRQGDU\ PHWDEROLWHV OLNH
KDU]LDQROLGH DQGnSHQW\OHS\UDQRQH 33 LQIOXHQFHJURZWKRI WRPDWR DQG FDQROD VHHGOLQJ 9LQDOH et al.
6WUDLQRIT. virens7YDQG7. atroviride,0,LQFUHDVHDX[LQOHYHO LPSURYHDQWLR[LGDQWVWDWXV
DQGLQFUHDVHRVPRSURWHFWDQWFRQFHQWUDWLRQRQArabidopsis thalianaVHHGOLQJVXEPLWWHGWRRVPRWLFVWUHVV&RQWUHUDV
&RUQHMR et al.7KHOHYHORISRO\DPLQHVZDVPRGLILHGLQA. thalianaVHHGOLQJZKLFKDUHLQGLUHFWRULQGLUHFW
FRQWDFWZLWKT. virensDQGZLWKT. atroviride VWUDLQUHVSHFWLYHO\6DOD]DU%DGLOOR et al.
$OO WKHVHPXOWLIDFHWHGDFWLRQVRISODQWEHQHILFLDOTrichoderma Hypocrea VWUDLQVFRXOGEHEHWWHUGHVFULEHGDV
SODQWELRVWLPXODQWVDFWLYLWLHV/RSH]%XFLR et al.3ODQWELRVWLPXODQWVDUHDQHPHUJLQJFDWHJRU\RIDJULFXOWXUDO
LQSXWVZKLFKHQKDQFHSODQW WROHUDQFH WRELRWLF DQGDELRWLF VWUHVV WKURXJKGHIHQFHPHFKDQLVPDFWLYDWLRQSURPRWH
SODQWV JURZWK LPSURYH QXWULHQW XSWDNH DQG QXWULHQW XVH HIILFLHQF\ LQIOXHQFH SODQW GHYHORSPHQW DQG \LHOG
FKDUDFWHULVWLFV &DOYR et al.  %XOJDUL et al.  3UDFWLFDO H[SORLWDWLRQV RI WKH PXOWLOHYHO SRWHQWLDO RI
Trichoderma ELRVWLPXODQWV VWUDLQV UHTXLUH ELRFRPSDWLEOH IRUPXODWLRQV ZKLFK VKRXOG LQVXUH i SUHVHUYDWLRQ RI
ELRORJLFDO DFWLYLW\ ii D ORQJ VKHOIOLIH iii FRPSDWLELOLW\ ZLWK WKH XVXDO WHFKQRORJ\ RI DSSOLFDWLRQ iv KLJK
VXUYLYDO UDWH DIWHU DSSOLFDWLRQV -RKQ et al.  :HWWDEOH SRZGHUV IRUPXODWLRQV ZHUH GHYHORSHG IRU YDULRXV
TrichodermaELRFRQWUROVWUDLQV(ODG1DJD\DPD et al.6HVDQDQG2DQFHD6ULUDP et al.
$OWKRXJK VXFK IRUPXODWLRQV SUHVHQW SURPLVLQJ ELRORJLFDO HIILFDF\ RQ ILHOG WULDOV WKH\ KDYH DOVR VLJQLILFDQW
GUDZEDFNVUHODWHGWRGXVWIRUPDWLRQKD]DUGRXVIRUHQYLURQPHQWXVHUVDQGYDULDEOHZDWHUDFWLYLW\ZKLFKSURPRWHV
PLFURELDOFRQWDPLQDWLRQDQGUHGXFHVKHOIOLIH-LQDQG&XVWLV0HQJ et al.
'U\ IORZDEOH  ZDWHUGLVSHUVLYH JUDQXOHV DUH DJULFXOWXUDO LQSXWV IRUPXODWLRQV ZLWK DQ LPSURYHG VDIHW\ IRU
HQYLURQPHQWDQGXVHUV.QRZOHV'XHWRWKHLUJUDQXODUQDWXUHVXFKIRUPXODWLRQVDUHOHVVSURQHWRDEVRUEDLU
KXPLGLW\ 7KHLU ORZHU YDULDELOLW\ RQ ZDWHU DFWLYLW\ UHGXFH FRQWDPLQDWLRQ ULVNV DQG HQKDQFH IRUPXODWHG
PLFURRUJDQLVPVXUYLYDO 0HQJ et al.)LUVW VWHSRQGHYHORSPHQW WKLV W\SHRIGU\ IORZDEOH IRUPXODWLRQVDUH
HQFDSVXODWLRQZKLFK VKRXOGDVVXUH DEHWWHU VXUYLYDORI IRUPXODWHG VWUDLQV6XFK HQFDSVXODWLRQZDVGHYHORSHG IRU
Trichoderma ELRFRQWURO VWUDLQV E\ VSUD\GU\LQJ -LQ	&XVWLV  RU E\ LPSURYHG DOJLQDWHPLFUREHDGV GRV
6DQWRV HW DO +RZHYHU IXUWKHU IRUPXODWLRQ UHJDUGLQJ VHOHFWLRQRIELRFRPSDWLEOH IRUPXODWLRQ LQJUHGLHQWV
LHZHWWLQJDJHQWGLVSHUVLQJDJHQWGLVLQWHJUDQWVDQGDGKHVLYHVZHUHQRW\HWSXEOLVKHG%HVLGHVWKDWWLOOQRZZHUH
QRW \HW SURSRVHG VSHFLILF IRUPXODWLRQV IRUTrichoderma SODQW ELRVWLPXODQWV VWUDLQV 7KH DLP RI WKLVZRUNZDV WR
GHYHORSDQHZDQGLQQRYDWLYHGU\IORZDEOHIRUPXODWLRQRIWZRVHOHFWHGTrichodermaSODQWELRVWLPXODQWVVWUDLQT. 
harzianum7GEDQGT. asperellum7
0DWHULDOVDQG0HWKRGV
2.1. Trichoderma biostimulants strains and conidia production. 
:HXVHGWZRELRVWLPXODQWVVWUDLQVIURP,&(&+,0FXOWXUHFROOHFWLRQ7harzianum7GE1&$,0)DQG
T. asperellum71&$,0)%RWKVWUDLQVSURGXFHELRDFWLYHYRODWLOHFRPSRXQGVLQFOXGLQJ335DXW et al.
496   Florin Oancea et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  494 – 502 
 DQG DFFHOHUDWHG VLJQLILFDQWO\ WKH GHJUDGDWLRQ RI OLJQRFHOOXORVH PDWHULDO 2DQFHD et al.  5DXW et al.
&RQLGLDZHUHSURGXFHGRQOLTXLG:HLGOLQJPHGLXPDVZDVDOUHDG\GHVFULEHG6HVDQDQG2DQFHD7KH
FRQLGLDO VXVSHQVLRQ ZDV DVHSWLFDOO\ SRXUHG WKURXJK D  PHVK VFUHHQ FROOHFWHG LQWR D VWHULOH ERWWOH DQG
FRQFHQWUDWHGE\FHQWULIXJDWLRQ5HVXOWLQJFRQLGLDOSDVWHZDVIXUWKHUXVHGIRUGU\IORZDEOHIRUPXODWLRQ
Procedure for dry flowable formulation
:HGHYHORSHGDSURFHVVIRUGU\IORZDEOHIRUPXODWLRQZLWKWZRPDMRUVWDJHViHQFDSVXODWLRQRIELRVWLPXODQWV
Trichoderma VWUDLQV DQG ii GU\LQJ HQFDSVXODWHG IXQJL DQGPL[LQJ UHVXOWHG JUDQXODWHG SRZGHUZLWK IRUPXODWLRQ
LQJUHGLHQWV 7KH SURFHVV RI HQFDSVXODWLRQ RI ELRVWLPXODQWV Trichoderma VWUDLQV FRQVLVWV RI WKH IROORZLQJ VWHSV
PL[LQJRIPORI01D+&2VROXWLRQZLWKJRIFRQLGLDOVXVSHQVLRQRI7GERU7FRQWDLQLQJDERXW
[ FIXPO DGGLQJ WR UHVXOWHG FRQLGLDO KHDY\ VXVSHQVLRQ LQ 0 1D+&2 RYHU  J RI DOJLQLF DFLG DQG
ZDLWLQJWLOO WKHWRWDOVROXELOL]DWLRQRIDOJLQLFDFLG WKURXJKWKHIRUPDWLRQRIVRGLXPDOJLQDWHDQGUHOHDVHRIFDUERQ
GLR[LGH     IRUPDWLRQ RIPLFUREHDGV E\ H[WUXGLQJ WKH VXVSHQVLRQ RI FRQLGLDVRGLXP DOJLQDWH LQWR D VROXWLRQ RI
&D&O0ZLWKDQ(QFDSVXODWRU%%XFKL)ODZLO6ZLW]HUODQGKDUGHQLQJEHDGVE\PDLQWDLQLQJWKHPIRU
 PLQ RQ FDOFLXP FKORULGH VROXWLRQ ZDVKLQJ EHDGV DQG UHVXVSHQGLQJ  WKHP LQWR D 5LQJHU VROXWLRQ 'U\LQJ
HQFDSVXODWHG IXQJL DQGPL[LQJ UHVXOWHGJUDQXODWHGSRZGHUZLWK IRUPXODWLRQ LQJUHGLHQWV FRQVLVWVRI WKH IROORZLQJ
VWHSVVHSDUDWLRQE\ILOWUDWLRQRIEHDGVIURP5LQJHUVROXWLRQPL[LQJRIJEHDGVZLWKHQFDSVXODWHGIXQJLZLWK
PORI0VRGLXPELFDUERQDWHJPDJQHVLXPVWHDUDWHDQGJRIVRGLXPDVFRUEDWHVSUD\GU\LQJRQD
0LQL6SUD\'U\HU% %XFKL DFFRUGLQJ WRPDQXIDFWXUHU LQVWUXFWLRQ DWDVSLUDWLRQ UDWHPOSHUPLQXWH
SXPS VSHHG DQG DGGLWLRQDO FRROLQJZLWK FROGZDWHU IURPD UHFLUFXODWHG LFHZDWHU EDWK PL[LQJRIJ RIGULHG
EHDGV ZLWK  SRO\DFU\OLF DFLG 'LVSH[ %$6) /XGZLJVKDIHQ *HUPDQ\  J RI FLWULF DFLG DQG  J RI
SRO\YLQ\O DOFRKRO (PSURYH(0'0LOOLSRUH'DUPVWDGW*HUPDQ\  ZHWJUDQXODWLRQRI JRIGULHGSURGXFW
ZLWK PO DOFRKROLF VROXWLRQ FRQWDLQLQJ PJ OHFLWKLQ +/%<HOLNLQ$UFKHU'DQLHOV0LGODQG'HFDWXU ,/
86$LQD0LQL*ODWWIOXLGEHGGU\HUJUDQXODWRU*ODWW%LQ]HQ*HUPDQ\7KHUHDJHQWVZKHUHDUHQRWPHQWLRQHG
SURGXFHUVZHUHVXSSOLHGE\6LJPD$OGULFK 6W/RXLV0286$7KHUHVXOWHGGU\ IORZDEOH IRUPXODWLRQFRQWDLQ
PLQx FIXJZDWHUGLVSHUVLEOHJUDQXOHV
2.3. Physico-chemical characteristics of dry flowable formulations.  
2Q WKH UHVXOWHG IRUPXODWLRQ WKH IROORZLQJ SK\VLFRFKHPLFDO FKDUDFWHULVWLFV LPSRUWDQW IRU WHFKQRORJLFDO
DSSOLFDWLRQZHUHGHWHUPLQHGZHWWLQJWLPHVXVSHQVLELOLW\SHUVLVWHQWIRDPS+7KHVHFKDUDFWHULVWLFVRIGU\IORZDEOH
IRUPXODWLRQVZHUHGHWHUPLQHG LQ VWDQGDUG:+2KDUGZDWHU 0HWKRG:+20 XVLQJ ,QWHUQDWLRQDO3HVWLFLGHV
$QDO\WLFDO&RXQFLO&,3$&PHWKRGV8W] et al.7KHGHWHUPLQDWLRQVZHUHGRQHRQWKHEHJLQQLQJDQGDWWKH
HQG RI  PRQWKV VWRUDJH SHULRG RI UHVXOWHG GU\ IORZDEOH IRUPXODWLRQ )RUPXODWHG ELRVWLPXODQW Trichoderma
ELRSURGXFWVZHUHNHSWRQFORVHGGDUN3(7ERWWOHDWURRPWHPSHUDWXUH
2.4. Assay of water activity on stored dry flowable formulation.  
:DWHU DFWLYLW\ RI WKH GU\ IORZDEOH IRUPXODWLRQ ZDV GHWHUPLQHG ZLWK D ZDWHU DFWLYLW\ PHWHU 7( $TXD/DE
3XOOPDQ:$86$DFFRUGLQJWRPDQXIDFWXUHULQVWUXFWLRQV7KHGHWHUPLQDWLRQZDVGRQHHDFKWZRPRQWKVIRUGU\
IORZDEOHIRUPXODWLRQVPDLQWDLQHGRQURRPWHPSHUDWXUHLQFORVHGGDUN3(7ERWWOH
2.5. Determination of viable propagules.  
9LDEOHSURSDJXOHVZHUHGHWHUPLQHGPRQWKO\RQWKHVWRUHGGU\IORZDEOHIRUPXODWLRQE\FXOWLYDWLRQRQDVHOHFWLYH
PHGLD:LOOLDPV et al.ZKLFKFRQWDLQVSHUOLWHUJ0J62+2J.+32J1+12J
.&OJ5R]%HQJDOVRGLXPVDOW56LJPD6LJPD±$OGULFKJJOXFRVHJFKORUDPSKHQLFRO&
6LJPD  $OGULFK  PO RI VWRFN VROXWLRQ RI VWUHSWRP\FLQ  ZHLJKWYROXPH 6 6LJPD$OGULFK  J
SHQWDFKORURQLWUREHQ]HQ TXLQWR]HQH 3 6LJPD$OGULFK  PO IRUPXODWHG SURSDPRFDUE 3UHYLFXU  6/
%D\HU&URS6FLHQFH0RQKHLPDP5KHLQ*HUPDQ\JDFWLYHLQJUHGLHQWSHUOLWHUDQGJDJDU0LFURELRORJLFDO
JUDGHUHDJHQWVZKHUHDUHQRWPHQWLRQHGSURGXFHUVZHUHVXSSOLHGE\(0'0LOOLSRUH
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2.6. Determination of in vitro antagonistic characteristics.  
7KHGHWHUPLQDWLRQRIDQWDJRQLVWLFDFWLYLW\UHVXOWHGIURPYRODWLOHVSURGXFHGE\TrichodermaELRVWLPXODQWVWUDLQV
RUE\GU\IORZDEOHIRUPXODWLRQVLQFOXGLQJVXFKVWUDLQVJURZQRQSRWDWRGH[WURVHDJDUZDVGHWHUPLQHGLQDGRXEOH
SODWHVDQGZLFKFRQIURQWDWLRQDVVD\5DXW et al.7KHXVHGSODQWSDWKRJHQIXQJDOVWUDLQIRUFRQIURQWDWLRQDVVD\
ZDV Fusarium graminearum '60  'HWHUPLQDWLRQ ZDV GRQH PRQWKO\ RQ WKH URRP WHPSHUDWXUH VWRUHG
Trichoderma IRUPXODWLRQV 7KH YRODWLOHV SURGXFHG E\ IXQJDO FRORQLHV GHYHORSHG IURP GU\ IORZDEOH ELRSURGXFWV
ZHUHWHVWHGDOVRDJDLQVWZKHDWVHHGOLQJIRUGHWHUPLQDWLRQRISK\WRWR[LFLW\
2.7. Assay of 6PP production
JRIGU\IORZDEOHIRUPXODWLRQIUHVKRUPRQWKVWRUHGZHUHFXOWLYDWHGRQSRWDWRGH[WURVHEURWKIRUGD\V
7KH UHVXOWLQJ P\FHOLXP ZDV KRPRJHQL]HG ZLWKLQ FXOWXUH PHGLXP E\ XVLQJ D EOHQGHU :DULQJ /DERUDWRU\
%OHQGHU)LVFKHU6FLHQWLILF:DOWKDP0$86$7KHELRPDVV IURPKRPRJHQDWHZDVGHWHUPLQHGJUDYLPHWULFDOO\
DIWHU ILOWUDWLRQ RQ ILOWHU SDSHU:KDWPDQ 1R  DQG GU\LQJ DW & 7KH KRPRJHQDWH ZDV H[WUDFWHG WZLFH ZLWK
&+&OSDUWRIKRPRJHQDWHWRSDUWRI&+&O7KHUHXQLWHGH[WUDFWVZHUHYDFXXPGULHG5RWDYDSRU%XFKLDQG
UHVXVSHQGHG LQ  PO &+&O 33 ZDV GHWHUPLQHG E\ JDVFKURPDWRJUDSK\ (O+DVDQ et al.  XVLQJ  DQ
$JLOHQWJDVFKURPDWRJUDSKHTXLSSHGZLWKTXDGUXSROHPDVVVSHFWURPHWHU$JLOHQW6DQWD&ODUD&$86$DQG
DVWDQGDUGFXUYHPDGHZLWKSXUH336LJPD$OGULFK
2.8. Preservation of plant material degradation activity
7KLV ZDV GRQH RQ DQ H[SHULPHQW ZKHUHLQ ZDV UHFRUGHU WKH R[\JHQ FRQVXPSWLRQ DQG UHOHDVH RI YDULRXV
FRPSRXQGVIURPOLJQRFHOOXORVHPDWHULDOWUHDWHGZLWKGU\IORZDEOHIRUPXODWLRQRUZLWKWKHELRVWLPXODQWVWUDLQV2Q
VWHULOH(UOHQPH\HUIODVNZHUHLQWURGXFHGDVHSWLFDOO\JRIOLJQRFHOOXORVHPDWHULDOZKHDWVWHPGULHGJURXQGHGWR
PPDQGVWHULOL]HGE\JDPPDLUUDGLDWLRQ PORIVWHULOHZDWHUS+DQGJRI IORZDEOH IRUPXODWLRQ
ZLWKxFIXSHUJ$IWHULQFXEDWLRQRIKRXUVDWURRPWHPSHUDWXUHR[\JHQFRQVXPSWLRQZDVGHWHUPLQHGZLWK
DQR[\JHQIOXRUHVFHQFHSUREH2FHDQ2SWLFV+DOPD$PHUVKDP8.DFFRUGLQJWRPDQXIDFWXUHULQVWUXFWLRQV$IWHU
GHWHUPLQDWLRQ RI R[\JHQ FRQVXPSWLRQ ZH UHFRYHUHG WKH VXSHUQDWDQWV ZKHUHLQ ZH GHWHUPLQHG 7RWDO 2UJDQLF
&DUERQ 72& ZLWK D +7 )RUPDFV DSSDUDWXV 6FDODU $QDO\WLFDO %UHGD 1HWKHUODQGV XVLQJ WKH EDWFK PHWKRG
7UXOOH\RYi DQG 5XOÕғN  UHGXFLQJ FDUERK\GUDWHV ZLWK '16 UHDJHQW .LQJ et al.  DQG WRWDO VROXEOH
SKRVSKRUXV 6HOI'DYLV DQG 0RRUH -U  7KH H[SHULPHQW ZDV GRQH ZLWK D FRQWURO ZKLFK LQFOXGH VDPH
GHWHUPLQDWLRQ GRQHRQ WKH OLJQRFHOOXORVHPDWHULDO QRWLQRFXODWHGZLWKGU\ IORZDEOH IRUPXODWLRQVRUTrichoderma
SODQWELRVWLPXODQWVWUDLQV'HWHUPLQDWLRQVZHUHGRQHZLWKGU\IORZDEOHIRUPXODWLRQVRQ WKHEHJLQQLQJDQGDW WKH
HQGRIPRQWKVVWRUDJHSHULRG
2.9. Statistical analysis
$OOWKHH[SHULPHQWVZHUHGRQHLQWULSOLFDWHLQFRPSOHWHUDQGRPL]HGEORFNV&RORQ\IRUPLQJXQLWVFIXSHUJRU
SHUPOZHUHORJWUDQVIRUPHGZLWKWKHFDOFXODWLRQRIVWDQGDUGHUURUV%HFDXVHFRQLGLDOELRPDVVZDVSURGXFHGIURP
GLIIHUHQW EDWFKHV DQG VWUDLQV WKH FRPSDULVRQZDV GRQH RQ VXUYLYDO SHUFHQWDJH DQG QRW LQ ORJ FIX J 6WDWLVWLFDO
UHOHYDQFHZDVHVWDEOLVKHGE\$129$DQGOLQHDUPL[HGPRGHO%RONHU et al.7KH([FHOVRIWZDUH2IILFH
([FHO0LFURVRIW5HGPRQW:$86$ZDVXVHGWRPDNHFDOFXODWLRQVDQGWRGUDZILJXUHV
5HVXOWVDQG'LVFXVVLRQ
2XUSURSRVHGSURFHGXUH IRU GU\ IORZDEOH IRUPXODWLRQ GHWHUPLQH D JRRG VXUYLYDO RI ELRVWLPXODQW7ULFKRGHUPD
VWUDLQVRI[FIXSHUJRIZDWHUGLVSHUVLEOHJUDQXOH6XFKFRQLGLDO GHQVLW\ZKLFK LV FRQVLGHUHG FULWLFDO IRU D
KLJKHU HIILFDF\ +DUPDQDQG&XVWLVZDVDOVR UHSRUWHG IRU VSUD\GULHG7ULFKRGHUPDELRFRQWURO VWUDLQV -LQ
DQG&XVWLV
2XUDSSURDFKZDVUHODWHGWRVSUD\GU\LQJRIDOJLQDWHHQFDSVXODWHGKLJKGHQVLW\FRQLGLDZLWKDQWLR[LGDQWVRGLXP
DVFRUEDWHSURWHFWLRQDQGLQWKHSUHVHQFHRIOXEULFDQWVPDJQHVLXPVWHDUDWHZKLFKDFFHOHUDWHGURSOHWIRUPDWLRQLQWR
WKH QR]]OH V\VWHPRI VSUD\GU\LQJ$QWLR[LGDQWV LQFUHDVHPLFURRUJDQLVP VXUYLYDO GXULQJ GU\LQJSURFHVV EHFDXVH
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UHGXFHWKHQHJDWLYHHIIHFWVRIUHDFWLYHR[\JHQVSHFLHVJHQHUDWHGGXULQJGHVWUXFWXUDWLRQRIHQGRPHPEUDQHYHFWRULDO
HOHFWURQWUDQVSRUWFKDLQVHJP\WKRFRQGULDOUHVSLUDWRU\FKDLQVGXHWRORVVRIZDWHU0RUJDQHWDO$OJLQDWH
HQFDSVXODWLRQSURYLGHVDSURWHFWLYHK\GURSKLOLFPDWUL[ZKLFKSURPRWHVPRRWKZDWHUHYDSRUDWLRQ-RKQHWDO
GRV6DQWRVHWDO
2XULQQRYDWLYHDSSURDFKZDVWRXVHD&2JHQHUDWLQJGLVSHUVDQWV\VWHPEDVHGRQSRO\DFU\OLFDFLGFLWULFDFLG
DQGVRGLXPELFDUERQDWH2XUSURSRVHGGLVSHUVDQWV\VWHPDYRLGVFOXPSIRUPDWLRQZKLFKLVKLJKO\SRVVLEOHRQWKH
IRUPXODWHG PLFURRUJDQLVPV GXH WR WKH K\GURFROORLG FKDUDFWHULVWLFV RI GULHG SURSDJXOHV DQG RI ELRFRPSDWLEOH
DGKHVLYHVVXFKDVSRO\YLQ\ODOFRKRORUFDUER[\PHWK\OFHOOXORVH6XFKGLVSHUVDQWV\VWHPKDVWKHDGYDQWDJHRIKLJKHU
ELRFRPSDWLELOLW\ZLWKWKHIRUPXODWHGPLFURELDOVWUDLQFRPSDULQJWRRWKHUXVHGGLVSHUVLQJDJHQWIRUSODQWEHQHILFLDO
PLFUREHIRUPXODWLRQ±HJ'LVSHUVDQW112QDSKWKDOHQHVXOIRQDWHIRUPDOGHK\GHFRQGHQVDWHXVHGIRUIRUPXODWLRQ
RIDQWDJRQLVWLF%DFLOOXVVXEWLOLV70HQJHWDO7KHUHVXOWHGVRGLXPVDOWVDIWHUFDUERQGLR[LGHIRUPDWLRQ
E\UHDFWLRQEHWZHHQVRGLXPELFDUERQDWHDQGWKHZHDNRUJDQLFDFLGVRGLXPDFU\ODWHDQGVRGLXPFLWUDWHDUHDFWLQJ
IXUWKHUOLNHGLVSHUVDQWVWDELOL]LQJWKHGRXEOHHOHFWULFDOOD\HUVIRUPHGE\VXVSHQGHGSDUWLFOHV
2XUIRUPXODWLRQSURFHGXUHOHDGVWRDGU\IORZDEOHSURGXFWZLWKJRRGSK\VLFRFKHPLFDOFKDUDFWHULVWLFV±7DEOH
7DEOH3K\VLFRFKHPLFDOFKDUDFWHULVWLFVRIGU\IORZDEOHTrichodermaELRVWLPXODQWVWUDLQVIRUPXODWLRQ
&KDUDFWHULVWLF
T. harzianum7GE T. asperellum7
,QLWLDO $IWHUPRQWKV ,QLWLDO $IWHUPRQWKV
3URSDJXOHYLDELOLW\FIXJ x x x x
:HWWLQJWLPHV    
6XVSHQVLELOLW\    
S+LQSXUHZDWHU    
3HUVLVWHQWIRDPPOPLQ    
0RLVWXUHFRQWHQW    

3K\VLFRFKHPLFDO FKDUDFWHULVWLFVGHWHUPLQHG IRURXU IRUPXODWLRQ FRUUHVSRQGZLWK WKRVHHVWDEOLVKHG DV VWDQGDUG
IRU DJURFKHPLFDOV GHPRQVWUDWLQJ WKH FRPSDWLELOLW\ RI RXU GU\ IORZDEOH ELRSURGXFWV ZLWK WKH XVXDO DSSOLFDWLRQ
WHFKQRORJ\VSUD\LQJRISUHVVXUL]HGGLOXWHGVXVSHQVLRQRIIRUPXODWHGSURGXFWVWKURXJKQR]]OHV
0DLQWHQDQFH RI JRRG SK\VLFRFKHPLFDO SURSHUWLHV UHVXOWV IURP D FRQVWDQW ZDWHU DFWLYLW\ GXULQJ VWRUDJH ZHOO
EHORZWKHWKUHVKROGIRU[HURSK\WHPLFURRUJDQLVPVGHYHORSPHQW±ILJ

)LJ(YROXWLRQRIWKHZDWHUDFWLYLW\RIGU\IORZDEOHIRUPXODWLRQVRITrichodermaELRVWLPXODQWVWUDLQVGXULQJVWRUDJHSHULRG
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7KHVH UHVXOWV RI ORZ ZDWHU DFWLYLW\ LQ IRUPXODWLRQV ZKLFK DUH XVLQJ VSUD\GULHG Trichoderma FRQLGLD DUH LQ
FRQFRUGDQFHZLWKSUHYLRXVUHSRUWV-LQDQG&XVWLVGRV6DQWRV et al.
$VDFRQVHTXHQFHRIORZZDWHUDFWLYLW\LQGU\IORZDEOHIRUPXODWLRQFRQLGLDVXUYLYDORITrichodermaELRVWLPXODQW
VWUDLQVZDVJRRG IRU WKH WHVWHGSHULRGRIVWRUDJHRIPRQWKV'XULQJ WKLV VWRUDJHSHULRG WKH IRUPXODWHGVWUDLQV
PDLQWDLQHGWKHLUDQWDJRQLVWLFDFWLYLW\WRZDUGF. graminearumUHVXOWHGIURPWKHSURGXFWLRQRIYRODWLOHV±)LJXUH

)LJ6XUYLYDODQGELRORJLFDODFWLYLW\LQKLELWLRQRIJURZWKRIF. graminearum'60E\YRODWLOH
GXULQJVWRUDJHRIWKHFRQLGLDRITrichoderma SODQWELRVWLPXODQWVVWUDLQVIRUPXODWHGDVGU\IORZDEOHSURGXFWV
,Q ILJ  ZH DUH SUHVHQWLQJ DVSHFWV IURP VDQGZLFK FRQIURQWDWLRQ DVVD\ ZKHUHLQ VWUDLQV VHSDUDWHG E\ D JDV
SHUPHDEOH PHPEUDQH %UHDWKH(DV\ VHDOLQJ PHPEUDQH 6LJPD$OGULFK DUH LQWHUDFWLQJ RQO\ WKURXJK YRODWLOHV
ELRDFWLYHVFRPSRXQGV

)LJD*URZWKRI7DVSHUHOOXP7DQG)XVDULXPJUDPLQHDUXP'60FRQIURQWHGLQDVDQGZLFKDVVD\
EG*URZWKRI)JUDPLQHDUXP'60QRQH[SRVHGWRYRODWLOHVSURGXFHGE\D7ULFKRGHUPDELRVWLPXODQWVWUDLQ
F*URZWKRI7KDU]LDQXP7GEDQG)JUDPLQHDUXP'60FRQIURQWHGLQVDQGZLFKDVVD\
HVDQGZLFKRI3HWULGLVKHVZLWKWHVWHG7ULFKRGHUPDVWUDLQVDQGSODQWSDWKRJHQVVHSDUDWHGE\JDVSHUPHDEOHSODVWLFILOP
IZKHDWVHHGOLQJVH[SRVHGWRYRODWLOHVLQDVDQGZLFKSODWHDVVD\ZLWKQRV\PSWRPRISK\WRWR[LFLW\
 
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2QHRIWKHPDMRUELRDFWLYHYRODWLOHFRPSRXQGSURGXFHGE\TrichodermaVWUDLQVLV33nSHQW\OHS\UDQ
RQHWR[LFIRUIXQJDOSDWKRJHQV(O+DVDQ et al.DQGZLWKDVWLPXODQWHIIHFWRQSODQWV9LQDOH et al.
7KHIRUPXODWHGVWUDLQVUHWDLQHGWKHLUDELOLW\WRSURGXFH33DIWHUIRUPXODWLRQDVGU\IORZDEOHDQGGXULQJVWRUDJHDV
IRUPXODWHGELRSURGXFWV±7DEOH
7DEOH   3URGXFWLRQ RI QSHQW\O+S\UDQRQH PJ J GU\ P\FHOLD E\ 7ULFKRGHUPD ELRVWLPXODQW VWUDLQV IRUPXODWHG DV GU\ IORZDEOH
ELRSURGXFWV
T. harzianum7GE T. asperellum7
,QLWLDO $IWHUPRQWKV ,QLWLDO $IWHUPRQWKV
   
3URGXFWLRQRI33E\RXUTrichoderma ELRVWLPXODQWV VWUDLQV IRUPXODWHG DVGU\ IORZDEOHELRSURGXFWV LVRQ WKH
VDPHOHYHOZLWKWKRVHDOUHDG\UHSRUWHGIRURWKHUTrichodermaVWUDLQV.DO\DQL et al.6HUUDQR&DUUHyQ et al.
(O+DVDQ et al.
2XUSODQWELRVWLPXODQWV7ULFKRGHUPDVWUDLQVZHUHLQWHQGHGWREHXVHGIRUSODQWUHVLGXHVFRYHULQJWKHVRLORQKLJK
UHVLGXHVDJULFXOWXUDOV\VWHPV5DXW et al.WKXVZHWHVWHGDOVRWKHSUHVHUYDWLRQRIWKHFDSDFLW\RIIRUPXODWHG
VWUDLQVWRGHJUDGHOLJQRFHOOXORVHPDWHULDO7KHREWDLQHGUHVXOWHGGHPRQVWUDWHWKDWRXUIRUPXODWLRQSURFHGXUHVDVGU\
IORZDEOH GRQRW VLJQLILFDQWO\ UHGXFH WKH FDSDFLW\ RITrichoderma ELRVWLPXODQWV VWUDLQV WRGHJUDGH OLJQRFHOOXORVH
PDWHULDO±7DEOH
7DEOH&DSDFLW\RITrichodermaELRVWLPXODQWVVWUDLQVIRUPXODWHGDVGU\IORZDEOHSURGXFWVWRGHJUDGHOLJQRFHOOXORVHPDWHULDO
'HWHUPLQDWLRQ
T. harzianum7GE T. asperellum7
,QLWLDO $IWHUPRQWKV ,QLWLDO $IWHUPRQWKV
2[\JHQFRQVXPSWLRQPJGP    
7RWDORUJDQLFFRQWHQWRQVXSHUQDWDQWPFJGP    
6ROXEOHUHGXFLQJFDUERK\GUDWHVPFJGP    
6ROXEOHSKRVSKRUXVPFJGP    

&RQFOXVLRQV
:H GHYHORSHG D SURFHGXUH IRU VSUD\GU\LQJ DOJLQDWH HQFDSVXODWHG KLJK GHQVLW\ FRQLGLD ZLWK DQWLR[LGDQW
SURWHFWLRQ :H IXUWKHU IRUPXODWH WKH UHVXOWLQJ VSUD\GULHG IORZDEOH SRZGHU XVLQJ D &2 JHQHUDWLQJ GLVSHUVDQW
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